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为钙源和磷源与 CS 分子同时沉析，在 CS 基质上原位生成 HA，得到了具有层
状结构、HA 均匀分布的 CS/HA 复合棒材。力学性能研究结果表明，随着 HA 含
量的增加，复合材料的弯曲强度、吸水率和膨胀率均降低，而相应模量有所升高；















XRD 研究结果证明，原位生成的无机晶体为 HA；EDX 分析结果显示，无机成
分在有机基质中为均匀分布，同时 SEM-EDS 研究结果表明，复合材料中 Ca/P
为 1.55。棒材形成机理的研究结果发现，在原位沉淀法制备 CS/HA 凝胶棒过程
中存在 Liesegnagring 现象，SEM 测试结果证明，复合材料具有类似于树木年轮
的系列同心圆层状结构。 
其次，以三聚磷酸钠-磷酸钠(TTP-TSP)混合溶液作为交联-水解媒介，模拟




MPa 和 5.7 GPa 分别提高到 133 MPa 和 6.8 GPa。TEM 电镜结果显示，HA 为纳
米级，尺寸在 20-100 nm；XRD 分析结果显示，水解后 HA 沿 c 轴取向生长。CS/HA
复合材料体外降解实验结果表明，材料在磷酸缓冲液(PBS)中浸泡的初始两周中，
降解液 pH 变化较小，从第二周开始 pH 变化趋于平稳；且棒材质量损失较小，













































Every year, millions of patients suffer from bone fractures resulting from natural 
disasters, traffic accidents, population aging and so on. For a long time, the metallic 
materials are the traditional fracture internal fixation for their high mechanics strength. 
But previous studies have shown that metallic materials did not provide the optimum 
therapy for internal fixation due to their shortcomings such as stress shielding during 
post-healing, chronic inflammation caused by corrosion, fatigue and loosening of the 
implant. In the past 50 years, degradable polymeric implants have aroused wide 
concern among researchers owing to their incomparable advantages to metal materials 
in therapy of bone fracture. However, they can only be used for internal fixation of 
non weight-bearing bones for their low initial mechanical quality and rapid early 
period degradation.  
Natural bone is actually a complex system consisting of an inorganic component, 
mainly hydroxyapatite (HA, Ca10(PO4)6(OH)2), and an organic collagenous fiber 
matrix, mainly type I collagen, which possess a “bricks-and-mortar” structure made 
up of a layered structure of inorganic-organic composites. This hierarchical structure 
is believed to be helpful in dissipating energy during a mechanical deformation and 
maintaining a high degree of stiffness, and this is beneficial because of its exceptional 
mechanical properties.  
Chitosn (CS) and HA both were proved good in biocompatibility. Incorporation 
of HA with CS could improve the machenical property and bioactivity of the CS/HA 
composites. On the other hand, biomimetics have become a focus of many researchers 
in the past 30 years, which referenced to learning from nature to explore the basic law 
of process and find solution to designed problem. On the base of evaluation 
composition, structure and mechanical properties of bone, CS/HA biomimetic 















In this study, a modified in situ precipitation was preferred as the method to 
prepare the CS/HA composite with excellent mechanical properties. In this method, 
the calcium and phosphorus precursors were added into the solution of CS firstly, 
dispersed homogeneously. Then the solution was precipitated in 6% NaOH solution. 
The results showed that when m(CS)/m(HA) ratio was 20/4, the blending modulus of 
the composite reached a maximum 5.7 GPa. The properties of the composites were 
characterized by means of TEM, FTIR, XRD, SEM, TGA, EDX and burn-out tests. 
Results of FTIR and XRD proved that HA was synthesized in situ. SEM showed that 
the rod had a layer-by-layer structure and EDS area analysis of this product revealed a 
Ca/P ratio of 1.55. 
The precipitated hydrogel rods of m(CS)/m(HA) 20/4 were then cross-linked in 
sodium tri-polyphosphate-trisodium phosphate (TPP-TSP) solution. After 
cross-linking the blending strength and modulus increased to 133 MPa and 6.8 GPa, 
respectively. The properties of the composites were characterized by means of TEM, 
FTIR, XRD. And the results indicated that HA crystallites with slightly higher 
crystallinity were formed and the degree of c-axis texture in the HA was enhanced 
after cross-linking. The results of in vitro degradation showed that the composite is 
stable in PBS (Phosphate buffered saline) during at least 6 weeks. 
Pre-osteoblast MC3T3-E1 cells were cultured in an extract of the CS/HA rods 
(20/4, w/w) to study the cell compatibilities of the composite. The observations 
indicated that the CS/HA composite could promote the growth of MC3T3-E1 cells 
better than the composite without HA (p < 0.05). Furthermore, the co-cultivation of 
the cells and the CS/HA composite showed that cells fully spread on the surface of the 
composite with an obvious cytoskeleton organization, which also revealed that the 
CS/HA composite had a good biocompatibility. The cells secreted extra-cellular matix 
(ECM) since cultured on the suface of the composite for 1 to 2 weeks, and 
mineraliziton of the ECM was founded since the second week.  
In addition, the nature bio-crosslinking agent-genipin was used to crosslink and 















three-dimensional network like CS basement. The bending strength of the materials, 
as well as the ability to against the hydrolytic enzyme induced mechanical strength 
decrease, are both significantly improved by formation of the network like structure 
and layer-by-layer structure. 
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1.1  骨、骨折及骨折治疗  










胶原：骨组织中的有机成分~90%为 I 型胶原(Type-I collagen)纤维，其纤维




























































图 1-1 骨复杂多级结构示意图[1,3] 
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